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The Status of Weak Scale SUSY

Squark-gluino-neutralino model, m()’{?) =0 GeV
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The Status of Weak Scale SUSY

Squark-gluino-neutralino model, m()’{?) =0 GeV
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Does this tell us
that the MSSM

is unnatural?!?
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“Natural Supersymmetry”

* Fine tuning in the MSSM:
—my =2 (|ul* +mi, )

- Dominant contributions:

2
~2 Yi ~ 2 32 212
omy =~ T (12mt log A + — as|Ms|” log A) + ...




A “natural” spectrum only requires that the 3rd generation
I I Dimopoulos, Giudice [1995];
squarks and gauginos are light. e e oas
Also referred to as a “split-family” or “more-minimal SUSY”

spectrum.

LHC bounds on these particles are weaker then on the 1st
and 2nd generation SquarkS, Papucci, Ruderman, Weiler [arXiv:1110:6926]

Helps alleviate flavor problems.

These models can not solve the flavor problem due to tachyonic
constraints from 2-loop contributions.

Known ways of mediating SUSY are flavor blind (e.g.
gauge mediation)

A “natural” spectrum requires novel model building.



When is “Natural SUSY” dead?

T, production: T, b+x;, %:— W'+%. (BR=1, m <200 GeV); T, t+7, (BR=1, m_> 200 GeV)
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The discovery of an SM-like Higgs at 125 GeV impacts the
way we think about naturalness and low energy SUSY.

| would like to advocate for the following classification
(naively ordered in decreased tuning)
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The discovery of an SM-like Higgs at 125 GeV impacts the
way we think about naturalness and low energy SUSY.

| would like to advocate for the following classification
(naively ordered in decreased tuning)

| (Mini
Stops at O(10-100 TeV) and a tuned/anthropic weak scale.

)

[The orge A W]
Stop soft masses and A-term at O(TeV). This gives one light stop and
one heavier stop. Maybe both are observable at the LHC?



The discovery of an SM-like Higgs at 125 GeV impacts the
way we think about naturalness and low energy SUSY.

| would like to advocate for the following classification
(naively ordered in decreased tuning)

Stops at O(10-100 TeV) and a tuned/anthropic weak scale.
:he I»a rg eAtevrm\ M SSM

Stop soft masses and A-term at O(TeV) This gives one light stop and
one heavier stop. Maybe both are obsen/able at the LHC?

‘T'he Natraler_SS

Both stop soft masses and A-term are below O(TeV). The stop
parameters do not imply a Higgs mass of 125 GeV.
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The Model

™
M|

Q1, U1, d1  Q2, U, do Q3, Uz, d3

{ Relevant mass scales:

M (the messenger scale)
AcFr (cross-over to the conformal regime)

v (exit the conformal regime)

myy (the weak scale)



| The matter content: |

The number of flavors
associated with SU(3)cpr
is Ny =5. This gauge

group flows to a strongly
interacting conformal fixed
point in the IR.

SU@B)crr | SUB)x  SUR)w U1y
Qs ] 1 L] 1/6
ds 0 1 1 1/3
Us 0 1 1 —2/3
H, 1 1 N 1/2
H, 1 1 O —1/2
) ] ] 1 0
D) 0 O 1 0
A 1 1 + adj 1 0
(2,1 1 O O 1/6
do 1 1 0 1 1/3
a1 1 m 1 —-2/3




SU@B)crr | SUB)x  SUR)w U1y
Qg [] 1 [] 1/6
ds O 1 1 1/3
Us O 1 1 —2/3
H, 1 1 O] 1/2
The number of flavors H, 1 1 L] —1/2
associated with SU(3)cpr > ] O 1 0
is Ny = 5. This gauge D ] ] 1 0
group fI_ows to a strongly A 1 1+ adj 1 0
interacting conformal fixed 1
point in the IR. Q2,1 1 - - /6
da,1 1 0 1 1/3
Uz 1 1 ] 1 —2/3

| Marginal superpotential:

W:)QgHuﬂg—l—Qngag—l—ZAi—I—W%

This relevant deformation

SU(B)CFT X SU(3)X — SU(3)C.



SU@B)crr | SUB)x  SUR)w U1y
Qg [] 1 [] 1/6
ds O 1 1 1/3
Us O 1 1 —2/3
H, 1 1 O] 1/2
The number of flavors H, 1 1 L] —1/2
associated with SU(3)cpr > ] O 1 0
is Ny = 5. This gauge D ] ] 1 0
group fI_ows to a strongly A 1 1+ adj 1 0
interacting conformal fixed
point in the IR. Q2,1 1 - - 1/6
da,1 1 0 1 1/3
Uz 1 1 ] 1 —2/3

| Marginal superpotential:

W Q?,Hdﬁg + LAY+ Wyyy
m This relevant deformation

SU(B)CFT X SU(3)X — SU(3)C.



Nelson, Strassler [hep-ph/0104051]

At the conformal fixed point, all physical couplings flow to
their fixed point values.

Promote couplings to superfields:

The higher theta components have mass dimension and thus flow to
zero.

Since soft parameters are encoded as higher theta components of
these superfields, certain combinations of soft parameters will flow to
zero.



CFTs and Soft masses Nelson, Strassler [hep-ph/0104051]

* For generic superpotential couplings:

WD)\HCI);';“ — Zniﬁz?—ﬂ)

- Promoting the gauge coupling to a superfield implies:

(mx)cpr — 0 and Z dim(r) T, m? — 0



CFTS and Soﬂ masses Nelson, Strassler [nep-ph/0104051]

For generic superpotential couplings:

WD)\HCI)?’L — Zniﬁz?%O

Promoting the gauge coupling to a superfield implies:

(M) epp — O and Y dim(r) T, m2 — 0

Since conserved currents are not renormalized, ) _ dim(i) ¢; m;

does not flow to zero.
d; is the charge under a non-anomalous global /(1) symmetry.
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Soft Masses

: Sp@ley WW: (Qg ﬂg)(Qg C—lg)
- The remaining unbroken global U (1)
symmetries are given by:

Ul U@1)y UQ)s | UD)g
Qs | 1 0 0 1/2
uz | -1 -1 0 1/2
ds | —1 1 0 1/2
H,| 0 1 0 1
Hy| 0 -1 0 1
) 0 0 1 1/3
Y| 0 0o -1 1/3
Al 0 0 0 4/3



Ul UQ): U)s | UQ)r
: _ — \ 9
Specify Wiy = (Q373)(Qs d3). %23 N 1?2
The remaining unbroken global U(1) 23 —(1) ! 8 1{2
symmetries are given by: Hi| 0o -1 0 | 1
S| 0 0 1 1/3
S0 0 -1 | 1/3
Al 0 0 0 | 4/3

This implies that the following combinations of soft masses
are unchanged by the CFT dynamics:

~ 92 ~ 92
ms, — Mis
~ 9 ~ 9
2m ng mz., mE3

~ 2 ~ 2
my. _de+m83 — mz

2

In order to fully sequester the soft masses, the SUSY breaking
mechanism must preserve approximate charge conjugation
and custodial symmetries (e.g. minimal gauge mediation).



Ul U() U)s
Specify Wy = (Qs3)(Qs ds). %’ B
The remaining unbroken global U (1) f; B ; 8
symmetries are given by: H, 0 -1 0
> 0 0 1
» 0 0 —1
A 0 0 0

This implies that the following combinations of soft masses

are unchanged by the CFT dynamics: {(Note the R charges, which

2 2 can be computed simply from
> — My L :
considering the superpotential
2m mQ3 — mg — m% and the mixed anomalies.
3

~ 2 2
mH _de+m83 — mz

In order to fully sequester the soft masses, the SUSY breaking
mechanism must preserve approximate charge conjugation
and custodial symmetries (e.g. minimal gauge mediation).



Nelson, Strassler [hep-ph/0006251, hep-ph/0104051]

Yukawa Hierarchies

Assume all Yukawa couplings are O(1) in the UV:
W DY Q; Hyuj + Y Qi Hyd; + Ya Qs Hy Uz + Y5 Qs Hy d3
Recall that for a SCFT the anomalous dimension of fields is

related to the R charge: v =3R - 2.

Then we can compute the RG evolution of the Yukawa
couplings: QT Hm,

E 2
Y*(F) = u
1] ( ) (ACFT) Y;J (ACFT)

Below the exit scale, the Yukawa coupling is given by

YH

Yij(v) = €2 Y;(Acrr) < Y33(v)

with e = —

Acrr



Since the 3rd generation and 1st/2nd generation fields are
charged under different gauge groups, there is no way to
write down a renormalizable off-diagonal Yukawa coupling.

However, the following higher dimensional operators are
allowed by the symmetries:

1 = 1
W D A—E Qg Huﬂl,g -+ A—Q1’2 Hu Eﬂg —+ ...
Below the exit scale these couplings flow to
YH, T7Qs T YH, TYug T
Vi) =ge 2 V) =gl e

with e =

Acrr



The resultant IR Yukawa matrix is given by

YH,, YH,, YH,,
€ 2 € 2 Q€ 2
YH YH YTH
Yu ~ € 211, € 2u 5@ € 2u
Y Hy, Y Hqy
‘fu € 2 gu € 2 1
: v O=17Q3 v strag v
W|th§QEA—€ 2 , uEA—G 2 and GEA .
* * CFT

This structure can reproduce the mass hierarchy and CKM
matrix to a good approximation by varying the O(1) starting
value for the Yukawa couplings in the UV and taking

4 A
~ 1074,
Acrr Acrr

Y ~ 10! — 102




EXAMPLE SPECTRA




At the exit scale v, the soft masses for the 3rd generation
squarks and the Higgs scalars are zero (up to a small
correction proportional to the gluino mass).

The soft masses for the gauginos and 1st/2nd generations are
unchanged by the CFT dynamics.



At the exit scale v, the soft masses for the 3rd generation
squarks and the Higgs scalars are zero (up to a small
correction proportional to the gluino mass).

The soft masses for the gauginos and 1st/2nd generations are
unchanged by the CFT dynamics.

Choose a value of M3 (assuming gaugino mass unification).

We then RG evolve the masses from the exit scale to the weak scale
including the dominant 2-loop contributions.
The stop masses are generated via gaugino mediation.

Kaplan, Kribs, Schmaltz [arXiv:hep-ph/9911293];
Chacko, Luty, Nelson, Ponton [arXiv:hep-ph/9911323]

This drives the up-type Higgs soft mass negative resulting in electroweak
symmetry breaking.



At the exit scale v, the soft masses for the 3rd generation
squarks and the Higgs scalars are zero (up to a small
correction proportional to the gluino mass).

The soft masses for the gauginos and 1st/2nd generations are
unchanged by the CFT dynamics.

Choose a value of M3 (assuming gaugino mass unification).

We then RG evolve the masses from the exit scale to the weak scale
including the dominant 2-loop contributions.
The stop masses are generated via gaugino mediation.

Kaplan, Kribs, Schmaltz [arXiv:hep-ph/9911293];
Chacko, Luty, Nelson, Ponton [arXiv:hep-ph/9911323]

This drives the up-type Higgs soft mass negative resulting in electroweak
symmetry breaking.

Choose a value of tan 3.

The weak scale value of [t is determined from —m3, ~ 2 (|u|® + m7 ).

This fixes the weak scale value of bu using the electroweak symmetry
breaking conditions (at tree level).
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No electroweak symmetry breaking

v =103 TeV

LEP bounds on the pseudoscalar Higgs

Tachyonic stops
TeV 1 -

Assuming
unified gauginos
and 1st/2nd
generation
squarks masses
of 5 TeV.

ma (with tan g = 2) ma (with tan g = 10)
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No electroweak symmetry breaking

LEP bounds on the pseudoscalar Higgs

Tachyonic stops

TeV

ma (with tan 8 = 2)

meqs, = Mys = Mg,

Assuming
unified gauginos
and 1st/2nd

generation
squarks masses

of 5 TeV.

m 4 (with tan 8 = 10)



Our model does not explain a 125 GeV Higgs boson mass.

Since the superpotential term SH,, H,is irrelevant while
the CFT is strongly coupled, our model is incompatible with
the NMSSM.

To increase the Higgs mass, one can add a sector which

results in non decoupling D-terms.

Batra, Delgado, Kaplan, Tait [arXiv:hep-ph/0309149]
Maloney, Pierce, Wacker [arXiv:hep-ph/049127]

The results is to take all MSSM Higgs sector relationships

and make the substitution:
my =92 (m2)+(BP)  — == e (1,2) 4 (172).

In the spectrum plots we have assumed there is an additional
D-term contribution to the Higgs quartic = = 150 GeV.




CONCLUSIONS




Given LHC bounds on superpartners and the discovery of a
Higgs at 125 GeV, we are being pushed to rethink the
relationship between SUSY and naturalness.
Maybe SUSY is hidden

Compressed spectra

R-parity violation

Decays to hidden sectors

Something else?

Maybe there is a large hierarchy between the 3rd and 1st/2nd
generations
We have presented a model whose dynamics result in:
A split-family superpartner spectrum,;
The hierarchical flavor structure of the quark Yukawa matrices.
A given gluino mass implies the 3rd generation squark and
Higgs sector masses.

Currently, the strongest bounds on the spectrum are due to
the non-observation of pseudo-scalar Higgs.



BACKUP SLIDES




Flne-tunlng

3.5

Exclusion contours
are as in the

spectrum plots.

v [TeV]

To get a sense of fine-tuning in this model we adopt a

- Kitano, Nomura [arXiv:hep-ph/0509039];
nalve IOW Scale measure. Papucci, Ruderman, Weiler [arXiv:1110:6926]

~2

Plotted are contours of A~ = —22™i _ ™ e with tan 5 = 2.

m2

We see large regions with O(10%) fine- tunlng are allowed.



